Little is known about the regulation of arthritis severity and joint damage in rheumatoid arthritis (RA). Fibroblast-like synoviocytes (FLS) have a central role in joint damage and express increased levels of the cation channel Trpv2. We aimed at determining the role of Trpv2 in arthritis. Treatment with Trpv2-specific agonists decreased the in vitro invasiveness of FLS from RA patients and arthritic rats and mice. Trpv2 stimulation suppressed IL-1β-induced expression of MMP-2 and MMP-3. Trpv2 agonists, including the new and more potent LER13, significantly reduced disease severity in KRN serum-and collagen-induced arthritis, and reduced histologic joint damage, synovial inflammation, and synovial blood vessel numbers suggesting antiangiogenic activity. In this first in vivo use of Trpv2 agonists we discovered a new central role for Trpv2 in arthritis. These new compounds have the potential to become new therapies for RA and other diseases associated with inflammation, invasion and angiogenesis.
INTRODUCTION
Rheumatoid arthritis (RA) affects nearly 1% of the population [1] and is associated with reduced quality of living, increased risk for disability and reduced survival [2] [3] [4] . New and more effective therapies emerged during the past decade significantly improving disease control and quality of living. Yet, disease remission is rarely achieved in RA underscoring the need for developing more effective therapies. One way of identifying new targets for therapy is to better understand the processes regulating arthritis severity and articular damage, which are major predictors of disease outcome such as the risk of developing deformities and disability.
The hyperplastic synovial tissue in RA, also called pannus, has unique characteristics and like a cancer invades and destroys cartilage and bone. While the RA synovial tissue behavior is incompletely understood, the joint destruction it mediates correlates with increased disease severity and worse outcome. The fibroblast-like synoviocyte (FLS) has a central role in the formation of the RA synovial pannus [5] , and the in vitro invasive properties of FLS correlate with radiographic and histologic damage in RA [6] and in animal models of arthritis such as pristane-induced arthritis (PIA) [7] . Therefore, understanding the regulation of the invasive properties of FLS has the potential to generate new therapies aimed at reducing articular damage [8, 9] .
Trpv2 (Transient receptor potential vanilloid subfamily, type 2 channel) is a non-selective cation channel gene that we detected for the first time in highly invasive FLS from rats with PIA [10] . FLS are known to express other ion channels including those of the TRP family such as Trpv1, Trpv3, Trpv4 [11, 12] , Trpc1, Trpc5 and Trpm3 [13, 14] , but their role in FLS function remains unknown. Trpv2 is related to Trpv1, but has a higher temperature threshold for heat activation (>52°C) [15] and has not been implicated in the regulation of pain. Trpv2 is expressed by dorsal root ganglia, lung, placenta, myeloid cells such as macrophages and mast cells, NK and B cells. Trpv2 was recently implicated in macrophage phagocytosis [16] , but other than that its role in human disease remains largely unknown.
The increased expression of Trpv2 in highly invasive FLS initially suggested that Trpv2 might have an invasion-inducing effect. However our studies with siRNA and agonists revealed that Trpv2 is in fact a suppressor of cell invasion, inflammatory cell infiltration, angiogenesis and arthritis severity. This is also the first time that Trpv2 agonists are used in vivo, including the new compound LER13. serum-induced arthritis (see below) were collected at the end of the arthritis observation period (day 10). All experiments involving animals were reviewed and approved by the Feinstein Institute Institutional Animal Care and Use Committee (IACUC).
RA patients and synovial tissues
Human synovial tissues were obtained from RA patients undergoing elective orthopedic surgery. All patients met the American College of Rheumatology criteria for RA [19] . Informed consent was obtained from all participating subjects under an Institutional Review Board-approved protocol through the Feinstein Institute's Tissue Donation Program.
Isolation and culture of FLS
FLS were obtained as previously described [7] . Briefly, freshly obtained synovial tissues were minced and incubated with a solution containing DNase (0.15mg/ml), hyaluronidase type I-S (0.15 mg/ml), and collagenase type IA (1 mg/ml) (Sigma, St.Louis, MO) in DMEM (Invitrogen, Carlsbad, CA) for 1 hour at 37°C. Cells were washed and re-suspended in complete media containing DMEM supplemented with 10% FBS (Invitrogen), glutamine (300 ng/ml), amphotericin B (250 μg/ml) (Sigma), and gentamicin (20 ng/ml) (Invitrogen). After overnight culture, non-adherent cells were removed and adherent cells cultured. All experiments were performed with FLS after passage four (>95% FLS purity).
Invasion Assay
The in vitro invasiveness of FLS was assayed in a transwell system using Matrigel-coated inserts (BD Biosciences, Franklin Lakes, NJ), as previously described [6, 7] . Briefly, 70-80% confluent cells were harvested by trypsin-EDTA digestion, and re-suspended at 2.0 × 10 4 cells in 500 μl of serum-free DMEM. Cells were placed in the upper compartment of the Matrigel-coated inserts. Where indicated, O1821, LER13 or vehicle was added to the upper chamber. The lower compartment was filled with complete media (as described above) and the plates were incubated at 37°C for 24 hours. After 24 hours the upper surface of the insert was wiped with cotton-swabs to remove non-invading cells and the Matrigel layer. The opposite side of the insert was stained with Crystal Violet (Sigma) and the total number of cells that invaded through Matrigel counted at 100X magnification. Experiments were done in duplicate.
Trpv2 agonists
The Trpv2 agonist O-1821 (Cayman Chemicals) [20] is a synthetic cannabinoid that stimulates Trpv2, but does not stimulate Trpv1 or the cannabinoid receptors [20, 21] . We synthesized and screened a focused library around O-1821 and identified LER13 as a novel and potent Trpv2 agonist (see supplemental table 1; provisional patent application serial number 62/126,167).
siRNA knock-down
Dharmacon SMARTpool siRNA targeting either Trpv2, Gapdh, and a non-coding control were purchased from Thermo Scientific (Lafayette, CO) and transfected into DA FLS according to the manufacturer's instructions. Cells were then incubated at 37°C for 72 hours prior to initiating the invasion assays. Knock-down was confirmed with qPCR and western blot.
MMP-2 and MMP-3 qPCR studies
The qPCR conditions used have been previously described [10] . Briefly, total RNA (200 ng) from each sample was reverse transcribed using Superscript III (Invitrogen). MMP-2 (forward-CGGTTTTCTCGAATCCATGA; reverse-GGTATCCATCGCCATGCT) and MMP-3 (forward-CCAGGTGTGGAGTTCCTGA; reverse-GCATCTTTTGGCAAATCTGG) primers were designed based on the Universal ProbeLibrary (Roche, Indianapolis, IN). Reactions were prepared with Absolute Blue qPCR Mix (Thermo Fisher, Waltham, MA), and run in duplicate on a LightCycler 480 thermocycler (Roche) using Relative Quantitative Software (Roche). Ct (threshold cycle) values were adjusted for GAPDH in each sample (ΔCt). Fold differences were calculated with the 2 −ΔΔCt method [22] .
Intracellular calcium influx
Intracellular calcium influx was measured using the Fluo-4 NW calcium assay kit (Molecular Probes/Invitrogen) according to the manufacturer's instructions, as previously described [23] . Briefly, DA FLS were plated at a density of 4,500 cells/well in a 96-well plate (100 μl volume of complete media per well). After cell adhesion the media was changed to serum-free media for overnight culture. Serum-free media was then replaced with 50 μl of dye loading solution, followed by incubation at 37°C for 30 minutes and a baseline fluorimetric reading. Then, O1821, LER13 or vehicle were added to their respective wells at different concentrations and fluorescence read immediately in a Fluoroskan Ascent Microplate Fluorometer (Thermo Scientific) with settings appropriate for excitation at 494 nm and emission at 516 nm.
Single cell patch clamp studies
FLS obtained from DA rats with PIA were plated in culture medium onto glass coverslips and allowed to adhere at 37°C. Recordings were performed in the whole-cell configuration of the patch-clamp technique at room temperature using an EPC10-USB amplifier (HEKA instruments, Bellmore, NY). Patch pipettes had a resistance of 2-4 MΩ when filled with a solution containing 45mM CsCl, 100mM CsF, 5mM EGTA, 10mM HEPES, and 5mM glucose, pH 7.4. The bath solution contained 132mM NaCl, 5.4mM KCl, 1.8mM CaCl 2 , 0.8mM MgCl 2 , 10mM HEPES, and 10mM glucose, at pH 7.4. O1821-activated currents were elicited with a 600 ms ramp from −100 to +100 mV from a holding potential of −107 mV. Addition of O1821 was accomplished by complete bath exchange.
Immunofluorescence and confocal microscopy
Immunofluorescence was performed as previously reported [8, 24] . Briefly, FLS were cultured on coverslips to 10-20% confluence, starved overnight and then pre-treated for 30 minutes, 60 minutes or 24h with either DMSO or O1821, in the presence or absence of IL-1β 10-25 ng/ml or PDGF 50 ng/ml in complete media or in serum-free media. Cells were then fixed with 4% formaldehyde for 15 minutes at room temperature and permeabilized 
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Author Manuscript with PBS/Triton X-100 0.1% for 5 minutes. Non-specific binding was blocked with 5% nonfat milk. A rabbit anti-Trpv2 (Santa Cruz Biotechnology) was used as primary antibody, and a Alexa Fluor 488 (green) donkey anti-rabbit IgG (Invitrogen) used as secondary antibody. Alexa Fluor 594 (red) Phalloidin (Invitrogen) was used to stain the actin filament. The stained cells were mounted on a glass slide. A Zeiss Axiovert 200M fluorescent microscope was used for visualization with the appropriate filters, with Zeiss Axioversion 4.7 software. Immunofluorescence microscopy was used for cell cytoskeleton scoring as previously described [23] . An Olympus FluoView 300 was used for confocal microscopy with a 600X magnification.
MTT assay
4×10 4 FLS per well were plated in triplicate in 96-well plates in 100 μl of complete media. Cells were allowed to adhere for 24 hours. Media was then changed and either O1821, LER13 or vehicle added at the same concentrations used for the invasion studies. After 24 hours (same duration of the invasion experiments) viable cells were determined by the colorimetric MTT kit (Millipore) according to the manufacturer's instructions. 
Mice and in vivo

2.12.2.
Collagen-induced arthritis (CIA)-CIA was induced in 8-week-old male DBA1/J mice (Jackson Laboratories) using a standard protocol [27, 28] . Briefly, bovine type II collagen (Chondrex, Redmond, WA) was dissolved overnight in acetic acid 0.1N and then homogenized at 1:1 with Complete Freund's Adjuvant (CFA, Difco, Detroit, MI). Anesthetized mice were injected intra-dermally with 100 μg of type II collagen emulsified in CFA in the tail. The new Trpv2 agonist LER13 10 mg/Kg or control vehicle (PBS 50%, PEG300 40%, PG 5%, PS80 5%) was started on day 10 (D10) and administered intraperitoneal every-other-day (from D10 until day 55). On day 21 (D21), mice received a booster injection of 100 μg of type II collagen in incomplete Freund's adjuvant. Clinical signs of arthritis were evident on day 24 (D24).
Arthritis severity in CIA mice was scored using a modified scoring system based on Jirholt et al. [26] . Briefly, the modified scoring system ranged from 0-16 per mouse per day and included a functional component of disease severity (non-weight bearing) in the maximum score of 4 per paw. The arthritis severity index (ASI), which is the sum of all scores obtained during the observation period, was used to compare treatment groups as it provides a comprehensive assessment of arthritis severity over time, and correlates with histologic damage [18, 29] .
Histology scoring
Mice were euthanized at the end of the in vivo arthritis experiments (76 days), ankles fixed in formalin, decalcified and embedded in paraffin for H&E and Safranin-O staining. Histology slides were scored without knowledge of treatment and according to a comprehensive scoring system previously reported that includes parameters for synovial hyperplasia, inflammatory cell infiltration, and bone and cartilage erosions [18] .
2.14.
Statistics-Means were compared with the Student's t-test or one-way ANOVA with a pairwise multiple comparison procedure (Holm-Sidak method) using SigmaStat 3.0 (SPSS, Chicago, IL).
RESULTS
Trpv2 is expressed in increased levels in highly invasive FLS
In microarray studies leading up to this study we analyzed the transcriptome of highly invasive FLS obtained from DA (severe and erosive arthritis) and of minimally invasive FLS from DA.F344(Cia5d) (mild and non-erosive arthritis) rat strains. We identified an expression signature that included genes implicated in cancer-related phenotypes such as invasion and metastasis [8, 10] . One of the most significantly differentially expressed genes was Trpv2. Trpv2 had a 1.9-fold increased expression in highly invasive DA FLS, compared with the minimally invasive FLS from DA.F344(Cia5d) FLS (P=0.0075, figure 1A) , which initially suggested that this gene could have an invasion-favoring function. Levels of Trpv2 were confirmed with qPCR (4.68-fold; P=0.012, figure 1A ) and Western blot (2.9-fold, figure 1B and D).
Single cell patch clamp studies confirmed that Trpv2 is functional in FLS
At negative potentials, the current was inward (downward in the plot, figure 1C ) and reverses at 0 mV, while at positive potentials, the current is outward (upward in the plot, figure 1C ), matching the Trvp2 pattern [30] , and confirming that the Trpv2 channel is not only expressed, but also functional in FLS and opened by O1821 ( figure 1C ).
Trpv2 stimulation increased intracellular calcium influx in FLS
Trpv2 stimulation is known to increase intracellular calcium influx [15, 31] . Therefore, two different DA FLS cells lines were stimulated in duplicate with increasing concentrations of the Trpv2 agonist O1821 (Supplemental figure 1A ). O1821 induced a significant dosedependent increase in intracellular FLS calcium influx, which was more pronounced and more sustained in the highest concentration (10μM).
O1821 significantly decreased rodent and RA FLS invasion
Overnight treatment with O1821 significantly reduced FLS invasion in a dose-dependent manner by 80% at 1μM, and by 99.4% at 10μM in DA cells ( figure 2A ). O1821 also reduced RA FLS invasion by 90% at 20μM and by 99.4% at 50μM concentrations compared with 
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We examined the possibility of cell mortality using the MTT assay over a 24-hour period (same duration of the invasion experiments) and identified similar numbers of dead cells in the O1821 and control vehicle groups. These observations suggested that O1821 was not toxic to FLS, and that the reduced invasion effect was not explained by increased cell mortality.
Trpv2 is diffusely expressed in FLS, including within lamellipodia
Confocal microscopy studies of three DA and three RA FLS lines revealed diffuse cytoplasmic and plasma membrane distribution of Trpv2 (Supplemental figure 2) . Trpv2 was also expressed in lamellipodia (Supplemental figure 2, grey arrows), which are cell protrusions required for FLS invasion, raising the possibility of a localized effect on the production of proteases involved in cell invasion.
O1821 does not affect FLS morphology or the cell distribution of Trpv2
Stimulation with O1821 (10 μM) for 30 minutes to 24 hours had no significant effect on actin cytoskeleton rearrangements, number or location of lamellipodia or other cell morphology characteristics (Supplemental figure 2A ) in cells stimulated with either PDGF or IL-1β in the presence or absence of 10% FBS. O1821 also did not significantly change the distribution of Trpv2 in FLS (Supplemental figure 2B ).
Trpv2 stimulation reduces IL-1β-induced expression of MMP-2 and MMP-3 in RA FLS
Treatment of RA FLS with O1821 significantly reduced the IL-1β-induced expression of MMP-2 by 45.6% (P=0.02, n=6 RA; figure 3 ) and MMP-3 by 92% (P<0.001, n=6 RA; figure 3 ).
The O1821-induced suppression of FLS invasion did not involve Akt, Erk or p65 NFκB
Akt, Erk and NFκB have been implicated in the regulation of FLS invasion. Akt and Erk had been suggested to mediate Trpv2 activity in experiments with endothelial [21] and glioma cells [32] that were unrelated to invasion, and the ankyrin domains in Trpv2 could potentially interact and interfere with NFκB activity [33] . Therefore, we considered that the Trpv2-dependent effect of O1821 might involve one of these cell signaling mediators. However, O1821 did not affect FLS levels of phosphorylated Akt or phosphorylated Erk1/2 (data not shown). O1821 did not change p65 NFκB activation based on nuclear location of p65 on immunofluorescence analyses (5, 10, 30 and 60 minutes, and 24 hours) (data not shown).
O1821 reduced disease severity, clinical signs of inflammation and histologic damage in established KRN serum transfer model of arthritis
C57BL/6 mice with KRN serum transfer-induced arthritis were started O1821 10mg/Kg IP BID or control vehicle (DMSO in saline solution) after the onset of arthritis on day three. By day five (D5), a small difference in arthritis severity was already detected and reached statistical significance on days seven and eight (D7 and D8) ( figure 4A ). The arthritis severity indices (ASI), which are the sum of all scores obtained during the observation period, were compared as they provide a more comprehensive assessment of arthritis over time, and correlate with histologic damage [18, 29] . O1821-treated mice had a significant 30% lower ASI, compared with control vehicle-treated mice (ASI mean±S.D.: O1821=38.8±6.3 and DMSO control vehicle=53.2±9.1; P=0.02, t-test).
O1821 was studied in the KRN serum transfer model over a short period (nine days), but that was enough time to detect reduced synovial pannus formation, reduced synovial fibrosis and preservation of cartilage and proteoglycan staining (Safranin-O), compared with control vehicle (figure 5 panels A-E). O1821-treated mice also had reduced synovial tissue inflammatory infiltration, reduced synovial fluid exudates, and marked reduction in the number of vessels ( figure 5B and 5E ). These observations suggest that in addition to regulating the invasive properties of FLS and MMP expression, Trpv2 may be involved in the regulation of both angiogenesis and the influx of inflammatory cells into the synovial tissues. These are new discoveries as Trpv2 had not been previously implicated in these processes.
A new and more potent Trpv2 agonist, LER13, significantly reduces FLS invasion, and disease severity in CIA
We synthesized and screened a focused library around O1821 for new Trpv2 agonists ( Supplemental table 1 ). These compounds were tested for their ability to increase intracellular calcium influx. The five most potent compounds were then tested for their ability to suppress FLS invasion in vitro, and arthritis in vivo. LER13 was the most promising of these compounds and induced a nearly 30% higher calcium influx in FLS, compared with O1821 (Supplemental figure 1B) , and significantly reduced FLS invasion by 65% both in cells from a mouse with KRN serum-induced arthritis (figure 2C) and rats with PIA ( figure 6C ). siRNA knock-down of Trpv2 ( figure 6A-B ) rendered FLS non-responsive to the invasion-suppressive effect of LER13 ( figure 6C ) demonstrating that the compound functions in a Trpv2-dependent manner. In fact, Trpv2 knock-down increased FLS invasiveness by nearly 60%, further supporting a role for this gene in invasion suppression ( figure 6C ).
Treatment with LER13 significantly reduced arthritis severity and clinical signs of inflammation in DBA1/J mice with CIA (eight mice per group; figure 4B ). The diseaseprotecting effect was detected by day 31 (D31) following the induction of CIA, and persisted though the end of the arthritis scoring period at day 76 (D76), with a reduction of 50% in mean cumulative arthritis scores, compared with control vehicle (arthritis severity index, ASI; mean±S.D.: control=80±21.8 and LER18 40.7±36.8; p=0.023, t-test; figure 4B ). Maximum arthritis severity scores per mouse were also reduced by nearly 50% in LER13treated mice compared with vehicle (mean±SD: LER13=7±4.2; vehicle control 13±2.44, p=0.004, t-test).
We also examined the number of joints with the maximum score (maximum score was 4 per paw per day and included avoidance of weight-bearing as a functional/disability component) during the 76 days of arthritis scoring as an estimate of the effect of LER13 at preventing the most severe and potentially disabling form of disease. The difference between vehicle-treated control and LER13 was significant at days 63 and 70 (D63: control=16 versus LER13=5, p=0.014; D70: control=12 versus LER13=1, p=0.001, Fisher's exact test).
The pronounced arthritis severity-improving effect observed with LER13 10 mg everyother-day in CIA, as opposed to O1821 10 mg BID in vivo (four-fold difference in daily dose) suggests that LER13 is more potent and has a longer half-life.
DISCUSSION
While new and more effective therapies have been developed to treat RA, disease remission remains uncommon, and most patients only achieve modest to moderate reduction in disease activity. These observations underscore the need for more effective therapies. We have focused our efforts on the identification and characterization of genes implicated in disease severity and joint damage as potential new targets for therapy. In a combination of genetic studies in rodent models of arthritis and functional and gene expression studies using FLS we discovered a new role for the non-specific cation channel Trpv2 in the regulation of arthritis. Our initial observation of increased expression of Trpv2 in highly invasive FLS, compared with minimally invasive FLS, suggested that the expression of this channel might favor FLS invasion and joint damage. However, experiments with Trpv2 agonists established that this cation channel is in fact a suppressor of FLS invasion that reduces the expression of MMP-2 and MMP-3, two key proteases implicated in joint damage in RA and rodent models of arthritis. Knock-down of Trpv2 with siRNA also increased FLS invasion, further supporting its role in suppressing invasion.
The in vitro invasive properties of FLS have been shown to correlate with radiographic damage in RA, and with histologic damage and erosions in rodent models of arthritis [6, 7] . This in vitro model of invasion is also a highly useful screening method to identify relevant pathways and cellular processes for therapeutic targeting [8, [34] [35] [36] [37] [38] . Therefore, we initially used O1821, a commercially-available Trpv2-specific agonist. O1821 was effective at reducing invasiveness of FLS from patients with RA and FLS from DA rats with PIA by over 90%. O1821 was also effective at reducing mouse FLS invasion and clinical disease severity and histologic joint damage and pannus formation in vivo in the KRN serum transfer model where therapy was started after the onset of arthritis, thus mimicking the RA clinical setting.
While O1821 reduced disease severity in vivo, it required high-doses to obtain a modest effect. Therefore, we aimed at developing a new and more potent Trpv2 agonist. Twentyone new compounds were developed and screened for Trpv2 agonistic activity based on their ability to increase calcium influx and inhibit FLS invasion. Based on those screening parameter five different compounds were selected and tested in vivo in CIA in mice, a chronic and well-established classic model of RA. One of these five compounds, LER13 was significantly effective and reduced arthritis severity scores, number of joints with functional impairment, and the maximum arthritis scores by 50%. Unlike the suppressive effect of O-1821 administration at 10mg/Kg BID, when administered at 10mg every-otherday this compound was not protective (data not shown), suggesting that LER13 is at least four times more potent, and/or has a longer half-life. Our studies are the first to use Trpv2 agonists in vivo, and we observed no evidence of significant toxicities, mortality, infections or tumors, suggesting that these might be a promising new category of therapeutic agents.
To understand the processes regulated by Trpv2 in arthritis severity and FLS invasion we examined several parameters, including FLS morphology, the actin cytoskeleton and the formation of lamellipodia, but none of those were affected by Trpv2 stimulation. However, the FLS expression of MMP-2 and MMP-3, two key mediators of invasion and joint damage, was significantly reduced by Trpv2 stimulation. These observations suggest that Trpv2 does not necessarily interferes with the FLS ability to move but may instead affect invasion and joint damage via interference with an effector pathway such as MMP expression or activation. Our discoveries raise the possibility that Trpv2 agonists such as O1821 and LER13 may be useful to treat not only arthritis, but also other diseases such as cancers where cell invasion has a central role in pathogenesis and outcome.
We considered that Trpv2 could be inhibiting MMP expression via interference with a signaling pathway implicated on MMP transcription or in cell invasion. Akt, Erk and NFκB were obvious candidates since they have been implicated in the regulation of cell invasion [39] , and arthritis severity and joint damage [40] . Akt and Erk were previously shown to mediate Trpv2 activity in experiments unrelated to invasion with endothelial [21] and glioma cells [32] . Furthermore, the ankyrin domains in Trpv2 could potentially interact and interfere with NFκB activity [33] . However, we detected no significant difference or reduction on levels of activation of these signaling proteins. Several other signaling pathways could be involved in mediating the Trpv2-induced suppressive effect on FLS invasion and arthritis severity [8, 24, [41] [42] [43] [44] [45] [46] [47] , and will be the subject of future work in our laboratory.
Trpv2 stimulation also reduced the numbers of synovial-infiltrating inflammatory cells and numbers of synovial vessels. These observations suggest that Trpv2 could interfere with the ability of inflammatory cells or endothelial cell precursors to infiltrate the synovial tissue via a direct effect or through the suppression of chemotactic and angiogenic factors. Therefore, Trpv2 agonists may have a future role in the treatment of other inflammatory and autoimmune diseases, as well as in diseases characterized by pronounced angiogenesis.
CONCLUSION
We have identified a new role for Trpv2 in the regulation of arthritis severity, pannus formation, FLS invasion and joint damage. Our observations also suggest a new role for Trpv2 in the regulation of angiogenesis. These new discoveries suggest that the use of Trpv2 agonists has the potential to become a novel strategy and a new class of drugs in the treatment of RA, and perhaps other diseases such as cancers where cell invasion and angiogenesis have a central role in pathogenesis.
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HIGHLIGHTS
• The cation channel TRPV2 is expressed in synovial fibroblasts.
• TRPV2 agonists, including the new LER13, reduce the invasiveness of synovial fibroblasts.
• TRPV2 agonists reduce disease severity in two well-established models of rheumatoid arthritis.
• TRPV2 agonists reduced joint damage, synovial inflammation and synovial angiogenesis in models of rheumatoid arthritis.
• This is the first time that TRPV2 agonists are used in vivo, and there was no evidence of toxicity. Clin Immunol. Author manuscript; available in PMC 2016 June 01.
